Background: The out-of-hospital mortality in patients with acute myocardial infarction remains unchanged in contrast to a decrease in inhospital mortality. Interventions aiming to shorten patient delay have been largely unsuccessful. A deeper understanding is apparently needed on patients' appraisal prior to care-seeking. Aim: To investigate whether appraisal processes influence patient delay, and if the questionnaire 'Patients' appraisal, emotions and action tendencies preceding care seeking in acute myocardial infarction' (PA-AMI) could discriminate between patients with prolonged care-seeking and those with a short delay. Methods: A cross-sectional study including 326 acute myocardial infarction patients filling out the validated questionnaire PA-AMI. The impact of subscales on delay was analysed by projection to latent structures regression. Discrimination opportunities between patients with short and long delays were analysed by projection to latent structures discriminant analysis. Results: The subscales 'perceived inability to act' and 'symptom appraisal' had a major impact on patient delay (P<0.0001). 'Perceived inability to act' had its main influence in patients with a delay exceeding 12 hours, and 'symptom appraisal' had its main influence in patients with a delay shorter than one hour. Conclusion: Appraisal processes influence patient delay. Acute myocardial infarction patients with a prolonged delay were, besides a low perceived symptom severity and urgency to seek medical care, characterised by a perceived loss of control and ability to act. Therefore, future interventions aimed at decreasing delay should pay attention to appraisal processes, and perceived inability to act may be a sign of a health threat and therefore a signal to seek medical care.
Introduction
Acute myocardial infarction (AMI) is the most common cause of death in the western world. 1 The majority of these deaths occur during the first few hours after symptom onset. A Swedish study found that almost 80% of all outof-hospital deaths were related to a first-ever manifestation of a major coronary event. 2 However, case fatality within 28 days after a AMI decreased from 43% in 1991 to 25% in 2016. 2, 3 A plausible reason for this remaining high proportion of out-of-hospital deaths could be that the time from symptom onset to first medical contact 4 -i.e. patient delay -is still protracted, with a median delay of 4 hours. 5 Patient delay could be defined as the time from onset of symptoms to first medical contact. 4 In this study we chose to define patient delay as the time from symptom onset to the patient's decision to seek medical care and we thus excluded time from this decision to medical contact.
Symptoms of AMI are important factors that are related to delay. 6, 7 The symptoms may be described as various combinations of chest, upper extremity, mandibular or epigastric discomfort or other ischaemic equivalent symptoms such as dyspnoea and fatigue. 8 Furthermore, these symptoms could be very vague and include symptoms such as diaphoresis and nausea. 8 Also, gender and age have been discussed in relation to delay, but there is no consensus. [9] [10] [11] Patients' behavioural responses to the symptoms may have an impact on delay. Coping efforts, consulting of spouses and of general practitioners may also influence the delay before seeking medical care. 9, 10, 12 To reduce patient delay seems to be a task of great complexity, including consideration of structural, cultural and educational aspects. To succeed in such an endeavour, increased knowledge is needed including information on how patient delay is influenced by internal, inter-relational and external factors, and several studies with self-reported questionnaires or structured interviews have been performed to obtain such knowledge. 7, [13] [14] [15] [16] However, none of these studies have captured in detail the content of the appraisal processes associated with patients' interpretations of their situation and their emotional and physical symptoms. Appraisal theories define an emotional episode as a process involving changes in several components including evaluation of a person-event interaction, a component of subjective experience or feelings and evaluation of what can or should be done to preserve or restore one's threatened wellbeing and integrity. 17 In a previous study, 18 we developed and validated the questionnaire 'Patients' appraisal, emotions and action tendencies preceding care-seeking in acute myocardial infarction' (PA-AMI). That study indicated three distinct structural components of items corresponding to subscales of PA-AMI, labelled 'symptom appraisal', 'perceived inability to act' and 'autonomy preservation'. However, the fourth subscale, 'healthy identity', was less distinct. An assessment of these subscales in relation to patient delay in AMI patients has the potential to contribute to an elaborated understanding of appraisal processes.
The aim of the present study was to investigate whether appraisal processes influence patient delay, and whether it was possible to find out what characterised AMI patients with a prolonged care-seeking compared to those with a short delay.
Methods

Study design and participants
The present cross-sectional survey was performed between November 2011 and August 2014. Eligible patients were undergoing acute treatment for a first or second AMI. They were invited to participate while still receiving hospital care at the coronary care unit of a large hospital in Sweden. All patients spoke and understood Swedish and were willing to participate. Patients who were clinically unstable and/or who had cognitive problems were excluded. The first author informed and invited a total of 408 consecutive patients to participate in the study.
The study followed the principles outlined in the 1964 Declaration of Helsinki and was approved by the regional ethical review board in Stockholm, Sweden (diary number 2011/716-31/1). Informed consent was obtained from each patient, and the patients received both written and oral information about the study.
Measures
Questionnaire data
The PA-AMI questionnaire is a self-administered questionnaire including two parts with a total of 28 items.
Part I includes 14 situation-specific items regarding patients' thoughts, feelings and actions prior to careseeking when afflicted by a AMI. This part consists of two subscales: subscale 1 'symptom appraisal', dealing with the perceived seriousness of the symptoms and urgency of seeking medical care (10 items), and subscale 2 'perceived inability to act', dealing with the perceived loss of control and ability to act (four items).
Part II includes 14 generic items regarding personal behavioural tendencies in general that are thought to be of relevance for a care-seeking decision. This part consists of two subscales: subscale 3 'autonomy preservation' dealing with patients' efforts to restore or preserve a sense of identity, autonomy and integrity (10 items), and subscale 4 'healthy identity' which was a less distinct entity (four items).
All items were answered on a Likert-type rating scale with six grades from 1 'do not agree at all' to 6 'totally agree'.
The psychometric testing of the PA-AMI has shown adequate psychometric properties as regards the performed exploratory factor analysis (EFA) with a Cronbach's alpha of 0.92 for part I and 0.79 for part II, 18 where a level above 0.8 is regarded as acceptable. 19 In part I, the first and second subscales ('symptom appraisal' and 'perceived inability to act') had a Cronbach's alpha of 0.91 and 0.78, respectively. In part II, the third and fourth subscales ('autonomy preservation' and 'healthy identity') had a Cronbach's alpha of 0.87 and 0.48, respectively. Regarding part I, EFA explained 59.3% of the variance and in part II, EFA explained 40.4% of the variance where the fourth factor ('healthy identity') explained only 11.5%. Together with a low Cronbach's alpha this factor was not interpretable.
Also, patients were asked questions when symptoms started and when they decided to seek medical care. These questions were answered with dates, hours and minutes.
The rationale for including additional variables was to include a larger variety of characteristics indicating: present personal and life circumstances; previous experiences of care-seeking and medical contacts; and the present type of AMI. The questionnaire therefore included a separate section of questions about age, gender, country of birth, cohabiting status and educational level.
Registry data
Based on the rationale stated above the following variables were obtained from SWEDEHEART, the national registry of all patients hospitalised for acute coronary syndromes in Sweden: 20 body mass index; smoking habits; history of diabetes; hypertension; lipid-lowering drugs at admission; previous AMI and type of AMI at admission.
Statistical analysis
Descriptive data were presented as means ± standard deviation (SD) or 95% confidence intervals for normally distributed data, and as median and interquartile ranges for non-normally distributed data. First, parametric, non-parametric and chi-square analyses were used to compare demographic and clinical characteristics of the two groups.
Second, in regression analyses and parametric tests, all non-normal and skewed distributions were converted and checked to be normally distributed after log transformation. A P value of less than 0.05 was considered significant. The statistical software Statistica12 (StatSoft, Inc. Tulsa, OK, USA) was used for basic statistical analysis including multiple logistic regression, and SIMCA P+, version 12.0.1.0 (Umetrics Ltd., Umeå, Sweden) was used for the multivariate analysis.
To identify the subscales that have the most important association with delay time and to allow the inclusion of all variables, we performed multivariate regression and discriminant analyses by projection to latent structures (PLS) regression and PLS-discriminant analysis (DA) using the non-linear iterative partial least squares algorithm. 21 The PLS-DAs were used to analyse the discriminative power of the subscales and to characterise patients with short and long delays. We thus performed two PLS-DAs by dividing the patients in two ways. First we compared patients with a delay of more than 12 hours (very extended delay) to those with a delay of less than 12 hours. Second, we compared patients with a delay of less than one hour (very short delay) to those with a delay exceeding one hour.
The reason why we used PLS statistics in this study was to allow analysis of wide data matrices, i.e. many variables (items) in comparison to the number of subjects. This meant that in addition to the analysis of the previously identified subscales, we were also able to perform a comprehensive analysis of all items in the two parts of the questionnaire. A further reason to use PLS is that it allows handling of colinearity and missing data. The number of components to include in the PLS regressions and PLS-DA analyses was determined by cross validation. 22 The algorithm used a decline in Q2 (Q2 denotes the fraction of the variation of the X variables predicted by the model) to determine the number of principal components (factors) to extract to avoid over-fit. Q2 was calculated by cross-validation.
Variables of importance for the projection (VIPs) were listed. VIP is the sum of all model dimensions of the contributions' VIN (variable influence). VIPs with a value exceeding 0.8 with a confidence interval not including zero are considered to have an impact on the projection (regression). [21] [22] [23] With this kind of multivariate technique, it is possible to investigate relationships between all variables in a single context. When fitting a partial least squares PLS model, partial least squares finds the linear (or polynomial) relationship between a matrix Y (response variables) and a matrix X (predictor variables). 21, 22 The significance testing was based on an analysis of variance (ANOVA) of the cross-validated residuals (CV-ANOVA). To test further the robustness of our results we performed a conventional multiple logistic regression analysis.
Results
Before discharge from the hospital, a total of 326 patients completed and returned the questionnaire, yielding a response rate of 80%. However, for 20 (6%) of these patients it was not possible to calculate patient delay due to missing values, therefore 306 patient cases were used in the analyses (Table 1 ). There were no significant differences except a higher proportion of patients with ST-segment elevation myocardial infarction in the short delay group. It was a reasonable degree of variation in delay in the study population with a median of 3 hours and an interquartile range of 0.7-24 hours.
A first PLS regression analysis was performed with patient delay as response variable and all other collected data as predictor variables indicated a plausible influence on delay by the subscales in the PA-AMI questionnaire. A second PLS regression with patient delay as response variable and scores of the four subscales in the PA-AMI questionnaire, age and sex as predictor variables resulted in a one factor solution. Subscale 1 'symptom appraisal' had a VIP value of 1.6 (1.3-1.8) and subscale 2 'perceived inability to act' had a VIP value of 1.2 (0.9-1.5). Thus, they had VIP values above 0.8 with confidence intervals not including zero, meaning that they both had an impact on the patient delay (CV-ANOVA; P<0.0001). Subscales 3 'autonomy preservation' and 4 'healthy identity' did not have an impact on delay 0.2 (-0.2-0.6), respectively 0 (-0.2-0.25). Furthermore, sex and age had no influence. In addition, we performed a PLS regression with all the separate items of PA-AMI included as potential predictors of delay. This regression was significant with a dominating influence of the items in the subscale 'symptom appraisal' (CV-ANOVA; P<0.0001).
To analyse further the discriminative power of the subscales and to characterise patients with short and long delay, we performed two different PLS-DAs, one between patients with a delay of more than 12 hours (very extended delay) and those with a delay of less than 12 hours, and one between patients with a delay of less than one hour (very short delay) and those with a delay exceeding one hour (Figures 1 and  2) . The PLS-DA at a very extended patient delay showed that subscale 2 'perceived inability to act' had an equally significant impact as 'symptom appraisal' (CV-ANOVA; P=0.045). However, the PLS-DA at a very short delay showed that subscale 1 'symptom appraisal' had the major impact on patient delay (CV-ANOVA; P=0.00012).
A VIP plot illustrated the PLS-DA of the impact of the scores in four different subscales on the discrimination between patients with an extended delay and those with a delay of less than 12 hours. VIP values above 0.8 and with a confidence interval not including zero are considered to have an impact on the projection.
A VIP plot illustrated the PLS-DA of the impact of the scores in four different subscales on the discrimination between patients with a very short delay and those with a delay exceeding one hour. VIP values above 0.8 and with a confidence interval not including zero are considered to have an impact on the projection.
In order to generate a further increased contrastbetween patients with short and long delays -we also performed a PLS-DA between patients in the lowest delay quartile, i.e. those with the shortest delay, and those in the highest delay quartile, i.e. those with the lengthiest delay. This resulted in a two factor solution with two significant orthogonal (independent) factors. The first factor explained the majority of the variance with, as might have been expected, the highest impact for the subscales 'symptom appraisal' 1.7 (1.6-1.8) and 'perceived inability to act' 1.05 (0.9-1.2). The second significant orthogonal factor of the PLS-DA did also show an impact of the subscales 'symptom appraisal' 1.6 (1.4-1.8) and 'perceived inability to act' 1.0 (0.9-1.1). In addition, in this factor it was indicated an evolving independent albeit not significant impact of the two remaining subscales in PA-AMI, i.e. 'healthy identity' and 'autonomy preservation' (CV-ANOVA; P=0.0005).
Univariate analysis between patients with short and long delays showed significantly higher values on 'symptom appraisal' and 'perceived inability to act' both at one hour (P<0.001 and P=0.008, respectively), and at 12 hours (P=0.002 and P=0.001, respectively). The robustness of our previously presented multivariate regression results was tested by conventional multiple logistic Values are given as numbers (n) and percentages (%) unless otherwise is stated (mean and standard deviation, SD). Due to missing values, 306 patient cases were used in the analyses regarding short and long delay. In addition, there were missing data in six patients concerning the type of acute myocardial infarction (AMI). Patient delay was defined as time from first symptom to the decision to seek medical care (hours). The median time from first symptom to the decision to seek care was used as the cut-off between groups with long and short delays. Parametric, non-parametric and chi-square analyses were used to compare the demographic and clinical characteristics of the two groups. IQR: inter quartile range; STEMI: ST-segment elevation myocardial infarction; NSTEMI: non-ST-segment elevation myocardial infarction.
regression analysis. This analysis confirmed the previous results that the subscales 'symptom appraisal' and 'perceived inability to act' had significant prognostic influences on patient delay. The subscale 'perceived inability to act' had a significant influence (P=0.004; Table 2 ) on patient delay at a very extended delay (exceeding 12 hours) in contrast to a very short patient delay (less than one hour) when only the subscale 'symptom appraisal' had a significant influence (P=0.004; Table 3 ).
Discussion
This study shows that the subscales 'symptom appraisal' and 'perceived inability to act' in the PA-AMI questionnaire had a predictive impact on patient delay, defined as time between the start of symptoms and the decision to seek medical care. Furthermore, these subscales enabled discrimination between patients with long and short delays. As might have been expected, 'symptom appraisal' had a significant impact in patients with a very short interval between the onset of symptoms and the decision to seek care, i.e. less than one hour. However, for patients with a very extended delay, i.e. more than 12 hours, 'perceived inability to act' had the most significant impact on delay. 'Perceived inability to act' mainly identifies patients' situation-specific behavioural tendencies to handle the situation. It was associated with the extent to which patients became paralysed, lost control of themselves, became powerless, were frustrated and or unable to act despite persisting symptoms. The different influence of subscales on discrimination at a different length of delay is important to consider when trying to understand the mechanisms. Given the design of the study, we cannot explain the reason for the delay or how patients evaluated their situation and eventually re-evaluated it when they realised that the symptoms remained. For some patients, this re-evaluation might have resulted in an inability to act and not seeking care. In one of our previous qualitative studies, 24 we identified patient descriptions on how they could contemplate in despair, not knowing what to do and being incapable of taking the initiative to seek medical care. To our knowledge, the perception of an inability to act and its impact on patient delay has not previously been shown or studied. Instead, studies have investigated patients' behavioural responses and coping strategies, such as taking medication, using home remedies, consulting a spouse and trying not to think of the symptoms, based on past experiences or denial of the symptoms. 6, 12, 15 Taking the impact of perceiving an inability to act into consideration when informing patients about actions to take when having symptoms of a AMI is completely new.
The subscale 'symptom appraisal' was the subscale that had the major influence in patients with a very short delay, i.e. under one hour. This subscale mainly identifies the extent to which a person's situation-specific tendency was to appraise symptoms as emanating from a AMI, as uncomplicated to interpret, and as representing a health threat. They had a wish to seek care, knew that the symptoms were serious and where to seek help with their symptoms. They did not try to divert their thoughts from the symptoms.
Moreover, manifestations of appraisal should ideally be assessed in relation to specific stressors, rather than as generic behavioural tendencies. 25 Appraisal processes, including reactions due to feelings of humiliation, embarrassment and stigmatisation, might be stressors with unique characteristics in each individual when afflicted by, for example, a conceivable AMI. 26, 27 Thus, during the development of the PA-AMI items, it was no surprise to us that it became difficult to construct relevant items capturing these feelings, especially phrased as situation-specific items. Further studies are needed to explore the importance of these feelings in terms of patient delay when a patient is afflicted by a AMI.
As stated in the introduction, most AMI deaths occur during the first few hours after symptom onset. 2 The time it takes for the patient to decide how to interpret and respond to symptoms is considered the main contributor to prehospital delay, 28 and could partly be responsible for the out-of-hospital 29 found that the strongest association of symptoms to pre-hospital delay was patient behaviour in relation to symptoms, and that they did not attribute their symptoms to being of cardiac origin if the symptoms were intermittent or if the onset was abrupt. Furthermore, a review with the aim to evaluate predictors of pre-hospital delay in patients with a AMI showed that the nature of symptom presentation affected the healthcare seeking behavior, 30 when fast onset of symptoms and increased symptom intensity were associated with a shorter pre-hospital delay. Also, patients' behaviour in how to act on the symptoms played a critical role when past experiences or denial made patients delay longer. All in all, we hypothesise that a delayed decision to seek medical care may be influenced by a postponement of the individual's comprehensiveness of the present situation. Therefore, interventions aiming to decrease delay should also address the patients' appraisal processes and pay attention to the fact that a perceived inability to act might be a sign of a health threat and urgency to seek medical care.
Patients in our study had a median delay time of 3 hours with an interquartile range of 0.7-24 hours. They answered the PA-AMI questionnaire after the most critical time, being able to rethink on the situation before seeking medical care. The emergency and system (hospital) delay has decreased in the past decade in line with substantial medical care improvements. 4, 20 However, due to the unchanged out-of-hospital death rates due to myocardial infarction we need to focus even more on how to reduce patient delay. In Sweden there has been a limited number of interventional studies aimed at shortening patient delay. 31, 32 These have focused on media campaigns aiming to make patients aware of AMI symptoms and stressing the importance of early medical contact. A review scrutinising studies worldwide showed that the interventions failed to have a substantial effect on patient delay. 33 Moreover, a recent observational Australian study indicated that patients after a mass media campaign were aware of the campaign and that it might influence their decision to seek medical care in the first few hours after symptom onset 34 but failed to show a reduced delay. However, another randomised controlled trial with individualised patient education showed a reduction in patient delay at a follow-up of 2 years in which the intervention group showed more focus on deliberate help-seeking behaviour. 5 One clinical implication of the results in this study is to consider the components of the appraisal process in encounters with patients at high risk of AMI. We hypothesise that a dialogue with patients on the implications of these components could have a potential to shorten future patient delay. It is especially important to increase awareness of the fact that a perceived inability to act implies a real health threat and a signal to seek medical care. One way to increase the awareness is to use the PA-AMI questionnaire in acute hospital settings and in cardiac rehabilitation programmes when informing and educating patients how to act if symptoms of a AMI may occur once more. Healthcare personnel, such as registered nurses, could discuss the results with patients to increase their awareness of how to respond to symptoms. If the results indicate a perceived inability to act during their past AMI, patients should be informed that this may be a sign of a health threat and a signal to seek medical care.
Limitations
One limitation of this study is the potential, but inevitable, bias that data are absent from patients who died before reaching the hospital. In addition, the study population mainly consisted of Swedish-born participants with a comparatively high level of education. Also, the patients answered the PA-AMI questionnaire in retrospect, which might have introduced recall bias both in how to react to the symptoms and the delay time. However, the study did account for a reasonable degree of variation in delay. Furthermore, the multivariate analyses of the impact of the subscales and items on patient delay were based on a broad set of data that addressed the content of the appraisal processes as related to patients' emotional and physical symptoms. The use of PLS regression and PLS-DAs implied several strengths, for example, the possibility to use wide data matrices, i.e. many variables in relation to the number of patients, and that co-linearity was no restriction. The robustness of the results was further tested by conventional logistic regression analysis yielding similar results.
Conclusion
Appraisal processes influence patient delay. AMI patients with a prolonged delay were, besides a low perceived seriousness of the symptoms and urgency to seek medical care, characterised by a perceived loss of control and ability to act. Therefore, future interventions aimed at decreasing delay should address appraisal processes and pay attention to the fact that a perceived inability to act might be a sign of a health threat and a signal to seek medical care. These findings are of great concern because even a small reduction in delay could have a great potential to save heart muscle and patients' lives. 
Implications for practice
